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isometric growth value it was found that there was no significant variation between sexes of 
both the species. Both the species showed isometric growth. The relative condition (Kn) in 
C.macrostomus was studied for the first time. The analyses both size group wise and season 
wise indicated that the variations in Kn value are related to the maturity cycle and spawning in 
this species. 
Introduction the fish species. In India, the literature is 
Every fish grows in length and weight 
and the relationship (LWR) between these 
two has both theoretical and practical 
applications. The knowledge of this rela- 
tionship has a vital role in the fishery. It 
not only helps in establishing the yield but 
also in converting one variable into the 
other as is often required during monitor- 
ing field measurements. Further, this re- 
lationship in the growth of the fish is 
important in that the knowledge of the 
size at which the fish increases rapidly in 
weight may be useful in fixing the har- 
vesting time of the resource. The constantly 
dynamic nutritional, physiological, envi- 
ronmental and biological cycles derive the 
condition of the fish towards great many 
variations. Hence information on the rela- 
tive condition factor also has obviously 
gained significance towards understand- 
ing the nutritional and biological cycle of 
replete with studies on the length weight 
relationship of almost all the commercially 
important fishes. However, studies incor- 
porating the relative condition factor are 
limited. This is especially so in flatfishes. 
Studies on the LWR of flatfishes in India 
are limited to the works of Das and Mishra 
(1989) on Psettodes erumei, Pseudorhombus 
arsius and Synaptura commersoniana; 
Edwards et a1 (1971) on Cynoglossus brevis, 
C.lida and C.puncticeps; Victor (1978) and, 
Ferozkhan and Nandakumaran (1993) 
on C.macrostomus; and Seshappa and 
Chakrapani (1981) on C.dubius,  
C.bilineatus and C.semifasciatus. However, 
no studies have been carried out on the 
relative condition of these flatfishes. So 
also no information is available on the 
LWR of large growing flatfish like C.are1. 
The Malabar sole Cynoglossus macrostomus 
is the most dominant among the flatfishes 
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in India. Hence, a detailed study on the Results 
LWR and relative condition of this fish Malabar s 
was undertaken. The LWR in The scatter aiagram or ooservtd values 
was investigated and the results of these of weight (g) against total length (mm) 
studies are presented here. and the fitted curve for males and females 
The author is grateful to Prof. (Dr.) are given in figures 1 & 2. The LWR was 
Mohan Joseph Modayll, Director, and to found to be linear as discernible from the 
Dr.N.G.K.Pillai, HOD, PFD, CMFRT, Kochi figures. The estimate of the parameters 
for their constant encouragement in the for male, female and pooled for sexes are: 
., 
preparation of this paper. 
Material and methods 
Male W = 0.000002194 L 3.163m (r=0.986311) 
Female W = 0.000002953 L 3.1m (r =0.969272) 
Pooled W = 0.000002576 L 3.13309 (r= 0.978135) 
Samples of Malabar sole were drawn [- from the commercial trawl landifigs at ' 
- - --- - -- 
ing the 
equatic 
Fisheries harbours at Kochi and 
Neendakara (Quilon) and from the ' 20 .  
minitrawls operated at Ambalapuzha '\ 
(Alleppey) during 1994-96. A total of 340 
males (61-161 mm TL) and 329 females 
(50-162 mm) were utilised for the study. 
15. Samples of the large-scaled tongue sole 
, 
C.arel consisted of 124 males (160-293 mm 
TL) and 91 females (180338 mm). 
The LWR was calculated ac the 1 
Lb, ; lo general exponential equation 
method 
. - ".u0000219) .I, 3.16378 
Tag W 1 -13.02977 + 3.1 
'\ 
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where W is the weight in gram and L= the 6 
total length of the fish in mm. The con- !il 
stants 'a' and 'b' were calculated follow- 1 . .' 
iop ting 
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of least 
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sexes. Analysis or cuvanance was em- 
ployed to test ' sig- 
nificantly diffe test 
I J I 
. ,-. (Snedecor and Cochran, 1967) was used 
to test whether the regression coefficients 50 70 90 110 130 150 170 
muz mom In nn 
simificantlv deviated from the expected 
Fig.1 Length weight relationship in males of 
The values were not significant and 
the cube formula W = aL3 is a proper 
representation of the LWR and that the 
growth in weight is isometric in both sexes 
of Malabar sole. 
Large-scaled tongue sole 
The LWR in C.arel also was worked 
out for the first time. The equations fitted 
to both sexes and the pooled were: 
Male W=0.000003211 L 3.05395 (r=0.9542) 
Female W=0.000006494 L 2.92315 (r=0.9558) 
Pooled W=0.000002576 L 2~97478 (r=0.9557) 
The significance of variation in the es- 
timates of 'b' for this species from the 
expected for ideal fish (3.0) was 
tested by :est and the results were 
as follow,. 
[ale : 
.-,I, ' 
mAL IIpTom I11 nn 
Fig.2. Length weight relationship in females of 
C.macrostomus In this species also the  orm mu la W=aL3 
is proper representation of the LWR. The 
growth is isometric in both sexes. While the above formulae hold good for the LWR in this fish, the significance 
of variation in the estimates of 'b' for the 
species from the expected value for the 
ideal fish (3.0) was tested. For this pur- 
pose 't' test was employed by dividing 
the difference between 'b' and '3' by stan- 
dard error of 'b'. The results were as fol- 
lows: 
To tesi 
 ales ant 
- .- - - . - 
uality c 
?s, the 2 
- 3  _ _ _ L  
,f LWR 
inalysis 
-1. - ..- 
betwee: t the eq 
femalc 
- - - - . .. . . 
of cova 
-.-lL- t -  riance was carriea our. lne results ror 
Malabar sole are given in Table 1 and that 
for C.arel in Table 2. The analysis revealed 
no signifi betwee: ,- 
lationshi~ C.arel. F r, 
in Malabar 3VlC LLLCLC Nas starla~lcally 
si s 
ar ._ 
.cant dif 
in resr 
,, ,,I, 
n the re 
Iowevei
c:"&:"..ll. 
gnifican 
nong sf 
---- ---. 
mce bet 
~t for a: 
-- 
ween e: 
11 pract: 
Levation 
ical pur 
.-L J f L . 2 -  
Male 3.164-3/0.0.3511 = 1.476 Not significant t differc 
Zxes. Bt 
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Female 3.1 07-3/0.1575 = 0.01685 Not significant 
poses sulce iuttrr was  r ~ u  ayyarerlr ullref- 
ence in the mean values, a common LWR Pooled 3.137-3/0.1359 = 1 .OD806 Not significant 
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Table 1 Test of equality o f  regression lines (C.macrostomr~c~ 
Source SSX SP S Y  t 
Male 14.9348 47.2505 153.6683 2 
Female 329 13.0799 40.64 
Total 
Md W 669 28.0147 87.8940 288.0960 3.137 
Difference between slopes 
Between 1 0.1034 0.2026 0.39,, 
W+B 670 28.1181 88.0966 288. 
Difference between corrected means 
could bl ere 
that when the sample sizes are large even 
differel 
t magnj 
Relative condition in Malabar sole 
The density of the fish is maintained as 
the same as that of the surrounding 
medium and hence changes in weight for 
length are due to changes in form or 
volume and not specific gravity. Such 
changes are analysed by the Condition 
factor (K) or Ponderal index (Thompson, 
1943) which is given by the formula K 
=100*W/L3 where W = the weight and L= 
may be noted hi th I 
maturity, racial ddference, food sup~lv, 
gree of nvironrr 1 
lection : ~y affect - 
rectly through the values of the exponent. 
Hence the Relative condition factor (Kn) 
as per the method of Le Cren (1951 was 
calculated. The Kn for 1 s 
calculated based on 297 3 
females of the size range bu-mu mm. lne 
se ts in the Kn values were 
ba !s and 626 females. Since 
the predommance of pre-adults or juve- 
niles may result in higher Kn values and 
also to prevent the influence of other 
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Table 2 Test of equality of re 
Source DF SSX 
ines (C.at 
S Y  
Male 123 1.0415 3.1805 10.6680 3.054 122 0.955 0.00785 
Female 90 1.1449 3.3466 10.7069 2.923 89 0.924 0.01039 
Total 
Pld W 
Uitference between slopes 
Between 
W+B 
Difference between corrected means 1 0.008 0.00766 0.86 
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factors, only the most commonly occur- 
ring size groups in the fishery and those 
fishes above the size at first maturity were 
considered. Males of 100-147 mm and 
females 100-149 mm were analysed to 
study the seasonal pattern in the Kn valu- 
Rela five m in relation to 
The Kn values of different SUE: g l u u p  
give an idea about the variations in the 
condition of the fish during its growth. In 
Malabar sole the fluctuations in the Kn 
with increase in length of the fish are 
quite apparent (Fig3). The values in the 
i in 
nm 
rluuv.  A I L =  bame trend was noticed in 
1.2 
&e 
two years old by this time (Jayaprakash 
and Inasu, 1998). Again the Kn value 
indicated a peak in 150mm-length group. 
A subsequent decrease in the v n 
both sexes indicated gonadal maR 1 
rqawning. 
lasonal variation 
The monthly fluctuations in Kn values 
are known to be influenced by many 
factors closely related to the sexual cycle. 
The increase or decrease in the values is 
due to a similar fate in the weight of gonads 
before and after spawning. The monthly 
V i  Kn for 1 1 
01 August j. 
Here, fishes of the slze range luu-mu mm 
were considered through out the period 
(Fig.4) so that the mean length (120- 
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each month. The results indicated sirnilar- 
ity in both sexes in the seasonal pattern 
of fluctuations in the values. The average 
value for the entire period was 1.01 and 
n 95 for males and 1.03 and 1.01 for fe- 
.ales during 1994 1 1995-96 respec- 
irely. The Kn va ?males started to 
Increase from August and reached a peak 
of 1.24 in October 1994 and then steeply 
4-95 anc 
lue in fc  
Fig.3 Relative condition in various srzc gruups UJ 
C.macrostomus 
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declined to 0.97 in February again to an 
increase in March. Later, the value de- 
creased to 0.89 in May and then increased 
in September 1995. In males also the sea- 
sonal fluctuation followed a pattern simi- 
lar to the females. 
The increase in the Kn value from 
August corresponded with the period of 
maturation of gonads as it was clearly 
associated with a rise in the gonado-so- 
matic indices during these months. So also 
the increase from February indicated the 
maturation of gonads. The spawning in 
Malabar sole takes place during October- 
November and in March-April/May 
(Jayaprakash, 1999). The abrupt fall in 
the condition after October 1994, May 
1995, November 1995 and February 1996 
may be attributed to the increased meta- 
bolic strain of spawning. 
Discussion 
It may not be a surprise if one thinks 
that the flatfishes by their curious body 
shape may have a dissimilar pattern of 
growth in length and weight compared to 
other teleosts. The LWR in flatfishes too 
follow the cube law. Some of the earlier 
studies on flatfishes in India by Das and 
Mishra (1989), Edwards et a1 (1971) Vic- 
tor (1978), Ferozkhan and Nadakumaran 
(1993), Seshappa and Chakrapani (1981) 
and the present study have shown this. 
The LWR in the large-scaled tongue sole 
C.are2 is reported for the first time. So also 
the relative condition (Kn) in Malabar sole 
is reported for the first time. The varia- 
tions in the Kn values in the various size 
groups and during different seasons are 
elated to 
values a 
spawni 
. .  , 
,f Malab 
ng .duri 
% .  - . 
related to the sexual cycle in Malabar sole. 
Pantulu (1961) and Devaraj (1973) sug- 
gested that the increase in Kn values 
t . .. nt length groups of both 
s I the number of spawnings. 
Ine tnree peau and the subsequent val- 
leys observed in the Kn . ar 
sole pertain to tl %? 
its lifetime. The mQar pomt of mflexlon 
on the curve showing an increase in Kn 
with increase in length is sure sign of the 
length at which the sexual maturity starts. 
The diminution of Kn or the point of 
inflexion at 95-99 mm could be consid- 
ered as minimum size at maturity. This is 
in conformity with studies on maturity 
and spawning in this species (Jayaprakash, 
1999). 
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